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DETERMINING  THE  LOCAL  COEFFICIENTS  OF  HEAT  EMISSION 
OF  A  DISK  WHICH  IS  ROTATING  IN  A  HOUSING  WITH 
JET  BLOWING  OFF  WITH  AIR 

A .  L .  Kuznetsov,  candidate  of  technical  sciences, 


The  article  sets  forth  the  results  of  tests  for  deteraining  the  local 
coefficients  of  heat  emission  of  a  rotating  disk  in  the  case  of  jet 
blowing  off  with  air.  -  .  - ;  -  .  ~r...  ,  I,, 

The  results  of  tests  on  the  heat  emission  of  a  disk  ,  rotating  in  a 
housing  wit:.  flew  arcunc.  the-  description  of  tne  experimental 

installation,  method  and  system  of  measurements  were  given  in  work  [ 1 ] . 
However,  subsequent  processing  of  tr e  test  data  prompted  the  necessity 
of  making  certain  changes  in  them.  These  are  covered  in  this  article. 

For  example,  an  work  [1.  it  /as  pointed  out  that  the  average 
dimensionless  coefficient  of  heat  emission  h’u,  for  a  ring  with  width  € 
(Figure  I),  with  an  average  radius  h  is  determinec  from  the  expression 


Nu/  —  fl/Re®'®  £  I  -f-  (  ■jj-)0'*  ]  • 


where  Ref  =  — ■  a/  ~  average  coefficient  of  heat  emission 

from  the  surface  /=  Z  jtR  £ ;  Gc  -  flow  rate  of  air  through  the  nozzle;  d 


-  diameter  of  the  nozzle:  z  -  number  of  nozzles;  R  -  radius  o*  mounting 
cf  the  nozzles;  «/  =  O.OS4/0*5 <“0<BS  T.  ^  =  J.iJsoT  !  X=W' 

u  -  cj  f.  -  peripheral  velocity  of  the  disk  on  the  radius  of  mounting  of 

the  nozzles;  cq  -  velocity  of  adiabatic  discharge  from  the  nozzle; 
yu  and  X  -  physical  parameters  of  the  air  in  the  case  of  the 
temperature  of  the  air  in  front  of  the  nozzle  tQ. 

The  amount  of  heat  removed  from  the  disk  from  the  surface  by  means 

of  convection  was  determined  using  formula 


Q  ai[  A/, 


(2) 


where  A  *  = t $  - t  r  -  temperature  head,  determined  as  the  difference 
between  t r. e  temperature  of  the  surface  of  the  metal  of  the  disk  and  the 
temperature  of  the  air  on  the  input  to  the  nozzles. 

In  accordance  with  equation  (1J  the  values  of  the  coefficient  of 
heat  emission  and  the  criterion  Nu  on  the  radius  of  mounting  of  the 
nozzles  are  found  from  the  expressions 


aR  ~  0,054*°-85  Re®'8  ; 

Nu*  -  0,054*°'k  Re®'8  . 


In  this  case  o(  p  and  Nup  virtually  do  not  depend  on  the  simplex 

On  the  basis  of  the  theory  of  heat  exchange  o<R  and  Nup  are 


u/cq  ) 


Figure  i.  Layout  of  the  installation:  1  -  jet  input  of  cooling  air; 

T  -  r  e  m  c  v $  j  of  *ii. 

As  was  pointed  cut  in  work  [ 1 J ,  such  a  treatment  of  the  test  data 
also  makes  it  possible  to  find  the  distribution  of  local  coefficients 
of  heat  emission  over  the  radius  of  the  disk  under  the  assumption  of  a 
symmetry  of  their  profile  relative  to  #  +  j_  ~  ^ 

However,  further  processing  of  the  test  data  showed  that  when  rotation 
is  present  and  there  is  a  relatively  small  z  there  is  considerable 
asymmetry  of  the  profile  of  local  coefficients  of  heat  emission  over 
the  radius  of  the  disk.  However,  a  calculation  of  the  temperature 
field  of  the  disks  of  specific  gas- turbine  installations,  cooled  by  jet 
bliwir.c  off.  showed  that  disregard  of  the  asymmetry  oC  on  the  radius  of 


the  disk  lead«  to  a  no : ; ce s b I e  difference  between  the  ce Iculated 

distribution  of  temperature  and  actual.  It  follows  from  what  has  been 
said  tha»  *he  '  :  :c  e  =  s  i  ng  of  tes*  data  has  to  be  carried  ~j*  while- 

taking  into  account  the  local  coefficients  of  heat  emission  separately 
for  the  radii  of  the  disk  r  <  R  and  for  r  >  R . 

Results  of  the  tests  for  determining  the  local  values  of  heat 

emission.  The  characteristics  o£  the  tests  which  were  used  for 
determ.r.  ing  the  local  values  c:  the  coefficients  of  heat  emission  on 
the  radius  of  a  disk  in  the  case  of  jet  blowing  off  are  given  in  the 
larle. 


T he  results  of  the  tests  were  processed  in  criteria  of  similarity 


Nuy  and  ’.Re‘-  0 j&dgp' 


The  structure  of  the  cnterial  dependence  was  selected  similar  to 
equation  ( 1  ) 


Nu  =  a  Re®-8  £ l  +  b  f 


(4) 


w  h  ere 


d  a  ■ . c  h  -  coefficients,  just  as  i  r.  formula  (  1  •  ,  depending  on  the 
magnitudes  z,  d,  R,  relative  distance  of  the  calorimeter  from  the 
radius  cf  mounting  of  the  nozzles  y  =  ■  R  -  r  )  /  d  for  r  <.  R  and  y  =  (  r  -  R  )  /  d  for 
r  >  ?  .  a r. d  the  width  of  the  gap  s . 


The  local  value  of  the  coefficient  of  heat  emission  of  or:  the 
average  radius  cf  the  calorimeter  r  was  found  from  equation 


a  = 


Q« 


2  nrb(tg-t,)’ 


where  Q,  -  amount  of  heat,  removed  from  the  calorimeter  by  means  of 
K 

convection;  b  -  width  of  the  calorimeter. 


The  influence  of  the  magnitude  of  the  gap  on  local  heat  emission 
in  the  case  of  a  change  of  its  values  from  s  =  d  to  s  =  8d  ^^-  =  0,0267+  0.107^ 


radius  of  mounting  of  the  nozzles,  the  rate  of  rotation  of  the  disk  has 
-  ■  *  -  a  .  .  *.  n  _  t  .  .  res*  r  .  £  s  .  u .  .  1  h  -  s-  -  -  e  x  p  -  a  i  n  e  c  r.  y  the  fact 

that  the  flow,  induced  by  the  rotation  of  the  disk,  presses  out  toward 
the  periphery  that  part  of  the  jet  flow  which  is  flowing  toward  the 
center.  Consequently  on  the  surface  of  a  disk  lower  than  R  there 
should  be  a  lowering  of  heat  emission,  conditioned  by  jet  blowing  off. 
With  an  increase  in  the  rate  of  rotation  there  is  an  increase  in  heat 
erissicr.  .  caused  r.  y  the  rotation  of  the  disk.  Apparently  these  two 
fact: rs  compensate  each  other  and  the  N u  number  virtually  does  not 
depend  cm  trie  re  *  ;  c  u/c-  .  Evidently  this  result  cannot  be  extended  to 
a  rc  r  «=.  w  h .  or.  is  mere  rent  vea  tier  the  j  adius  of  mounting  of  the  nozzles 
tnar  existed  ir.  the  test,  i.e..  by  „  =  *LpI>  ,2.,7. 

'  connection  wi*r.  *  he  fact  chat  for  r  <  R  the  variable  u/cq  does 
not  influence  heat  eaiisicr. ,  the  criterial  dependence  (4)  is  simplified 
cons  xe  rai  1  y  and 


Nu^a  Re®’®, 


(5) 


and  the  ratio 


Nu _ a 

Nu*  “  0,054a® ' 46  ~ 


(6) 


In  expressing  the  test  values  of  Nu/Nup  in  a  dependence  on 
y  =  ‘  P  -  r  )  /  d  .  i*  is  possible  to  establish  in  semiloganthmic  coordinates 


Fig 


that  this  dependence  is  determined  by  the  equation 
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Figure  4  .  Dependence  c  f  the  ratio  N  u  /  *1  u  R  on  y  for  radii  which  are 
create;-  and  lesser  that,  the  radius  of  mounting  of  the  nozzles: 


:,u/Nur=e-°.:e  ;y  -  0.5). 


-  Nu/NuR= i 1 -0 . 064y ; e_0 • 064y 


local  valuer  of  Nu/Kup.  obtained  from  equation  (1)  with  u/cq=C; 

•  -  -  N  u  /  N  u  R  -  accotd.r.g  to  equation  (4)  with  u  /  c  q  =  0 . 5  ;  z  =  4;  r>R. 


Local  values  of  coefficients  of  heat  enission  for  r>R.  in  this 
case  the  ratio  Nu/NuR  depends  on  y  and  u/cq,  as  a  result  of  which  the 
coefficients  of  heat  emission  are  determined  rationally  in  conformity 
with  equation  ( 4  )  . 


Coefficient  Q.  was  found  from  tests,  in  which  the  influence  of 
u/c 'j  was  negligible  (u/c^q)*  Plotting  the  test  values  of  Nuq/Nur  in  a 


d  e  p  e  r. 
be  es 


where 

were 


whet  e 

(  u/  cG 

equc* 


for  r 


Genre  on  y  ir.  the  semiioganthmic  coordinates  (Figure  3),  it  can 
tsti  .irhed  the',  th.s  dependence  is  described  by  the  equation 


,-0,17*  (ir— 0,1)  m 


,  , -0.18  <»-0.« 


(9) 


Nu,  =  Nu  i  u 


<< 


=  o 


The  *  «rst  values  of  Mu-,  ' for  -  »ch  combination  of  z,  d,  R ,  y 
determined  from  the  expression 


A 


r.  -  nuir.oer  of  tests  for  a  given  combination  of  z,  d,  R,  y  and 

■  r  C  . 


The  magnitude  of  coefficient  (X.  when  z  >  R  in  accordance  with 
icr.s  ( 6  ;  and  (9  is  obtained  equal  to 


a  =  0,054*°'M 


d_ 

R 


,—0,18  0,5) 


(10) 


Thus  for  the  case  r<P  -  when  rotation  is  present  and  absent,  and 
>  R  -  when  rotation  is  absent,  the  profile  of  the  local 


coefficients  of  heat  emission  turned  out  to  be  symmetric  relative  to  R 


Figure  E .  Dependence  of  2  b  on  ! y -  0 . 5 ) :  _  -  z  b  =  0 . 0  E  ( y - 0 . 5 ) 2 • 4  5 

(the  points  correspond  to  zb,  averaged  from  30-60  tests}. 


Figure  4  shows  the  ratio  Ku/Nup  when  r<R  and  Nug/Nup  when  r>R 
depending  or.  y.  It  is  evident  from  the  drawing  that  a  satisfactory 
agreement  of  the  test  values  is  attained  both  with  the  dependences  (8) 
and  (9}  and  with  the-  dependence  obtained  from  equation  (1)  (broken 
line)  . 


The  dependence  Nu/Nup  according  to  equation  (4)  produces  a  concept 
about  the  nature  of  the  increase  in  heat  emission  from  rotation  of  the 


disk  for  the  case  r>R. 


vwwwwwn  ■uiubu«v«u  >u  Ktimnn  *c 


r_:i:~. £  rotation  of  th(  disk  in  c onfcnrit y  with  equation  (4)  the 
test  values  if  coefficient  b,  taking  into  account  the  increase  of  heat 

e:  1SSKT.  due  t  o  ’  o  t  a ’  :  o r.  .  w e  i  e  f  i  .. r. d  f  r  or  e >:{••*  es  ?:  on 


where  n  -  number  of  tests  for  the  fixed  combination  of  z.  d,  R,  y. 


The  dependence 
fixed  coirbina  -  ions 


of  coefficient  b  on  the  number  of  nozzles  2  for 
:  a  R ,  y  is  described  satisfactorily  by  equation 


b 


(12) 


It  follows  fro:  t.<. that  it  is  advisable  to  conduct  further 
processing  of  the  test  data  ir.  the  form  cf  the  dependence 


ib  =  l(d,  R,  y). 


It  turned  out  that  the  variable  zb  depends  only  on  y=(r-R/d).  Th 
influence  of  the  radius  of  mounting  of  nozzles  R  and  their  diameter  d 
on  the  variable  zb  could  not  be  established. 

Figure  5  gives  in  logarihtmic  coordinates  the  test  dependence  of 


zfc  on  y-0.5),  which  is  approximated  satisfactorily  by  the  expression 


tb  =  0,05  (y  —  0,5)j,4S, 


i  13: 


w e  r  *•  t:.c-  constant  c:e;':  ;  :  :er,t  e.n*  the  exponent  we  re  determent-  by  the 

method  of  least  squares. 

The  generalizing  dependence  for  coefficient  b  has  the  form 


^0,5-^=^., 

2 


(14) 


A! -  the  test  data  £ o :  heat  en iss: cn  of  a  disk,  rotating  in  a 
housing  with  ret  blowing  off  of  air,  and  depending  on  the  number  Rec, 
are  g.ven  in  Figure  6 ,  from  which  it  is  evident  that  the  test  points  in 
both  rases  agree  with  a  curve  which  is  proportional  to  Re£ • 8 . 
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